ACUTE KIDNEY INJURY (AKI) is a common and serious clinical entity associated with high morbidity and mortality. It can arise in multiple causes such as ischemia-reperfusion (I/R), sepsis, rhabdomyolysis, trauma, and nephrotoxin exposure (18, 30) . Animal studies have shown that the kidney possesses a remarkable regenerative capacity after AKI. During the regenerative process, surviving tubular cells undergo dedifferentiation, migration, and proliferation that result in morphological and functional recovery of renal epithelium (1) . Proliferation of surviving resident tubular epithelial cells has been shown to be the predominant mechanism for renal regeneration after AKI (12) . Therefore, investigation of the mechanism that regulates this process after acute injury will help to develop novel therapeutic treatments for accelerating renal regeneration and renal functional recovery.
Currently, the molecular mechanism mediating renal regeneration is incompletely understood. Studies have shown that some molecules such as vimentin, Pax-2, and neural cell adhesion molecule, which are expressed in metanephric mesenchyme but not in mature kidneys, are reexpressed in renal epithelial cells during recovery from acute injury (1, 8) . This suggests that renal regeneration following acute injury is similar to early kidney development. Kidney development is a complex process that is subjected to genetic and epigenetic regulation. Epigenetic control is the regulation of gene transcription without any change in the DNA sequence. Among epigenetic events, histone acetylation/ deacetylation is one of the most studied genetic modifications, and it is regulated by histone acetyltransferases (HATs) and histone deacetylases (HDACs), respectively. There are 18 HDACs, which are classified into four groups: class I HDACs (HDAC1, 2, 3, and 8), class II HDACs (HDAC 4, 5, 6, 7, 9, and 10), class III HDACs (SIRT1-7), and class IV HDACs (HDAC 11). Of those HDACs, activation of class I HDACs is required for early nephron gene expression, growth, and differentiation during kidney development (3, 17) . Moreover, class I HDACs have been implicated in the regulation of cell cycle progression and cell proliferation in various cell types, including renal epithelial cells (14, 16, 24, 26) .
Proliferation of renal tubular cells is induced by activation of multiple growth factor receptors. Among them, epidermal growth factor receptor (EGFR) has proven to be critically involved in kidney development and renal regeneration: genetic or pharmacologic reduction of EGFR activity reduces the rates of renal function recovery and inhibits the kidney's regenerative response after AKI (2, 8, 29) ; and blockage of EGFR activity inhibits dedifferentiation and proliferation of renal tubular cell in the animal model of AKI induced by folic acid (8) . EGFR is a tyrosine kinase that initiates activation of several signaling pathways, including the signal transducers and activators of transcription 3 (STAT3) and the phosphoinositide 3-kinase (PI3K)/Akt pathways. Activation of these two pathways is also reported to mediate renal epithelial cell cycle progression and proliferation (2, 8, 26) . Recently, we demonstrated that inhibition of HDAC activity can reduce activation of EGFR and STAT3 in the normally cultured renal epithelial cells (26) . This suggests a link between epigenetic modification and activation of cellular signaling pathway important for renal cell proliferation.
Although the fundamental functions of HDACs in cancer, cardiac and immune disorders are well-documented, their role in tissue development has just begun to be elucidated (7) . It has been reported that pharmacological blockade of class I/II HDACs increases histone acetylation levels and inhibits tail and limb regeneration in the amputated tail of Xenopus laevis larvae (27, 28) . Inhibiting HDAC activities also delays liver regeneration and inhibition of hepatocyte proliferation (4). More importantly, selective knockout of HDAC1 or/and HDAC2 genes in hepatocytes led to impaired liver regeneration (31) . These studies clearly indicate the importance of HDACs in regulating regeneration of epithelial tissues. However, the role of HDACs in renal regeneration after acute injury remains unclear. In this study, we examined this issue by using MS-275, a selective inhibitor of class I HDAC (9) , in a murine model of AKI induced by either folic acid (FA) or rhabdomyolysis (RM).
MATERIALS AND METHODS
Antibodies and reagents. Antibodies to p-EGFR, p-Akt, Akt, p-STAT3, STAT3, Acetyl-H3, cleaved caspased-3, vimentin were purchased from Cell Signaling Technology (Dancers, MA). Antibody against Pax-2 was purchased from Invitrogen (Grand Island, NY). Antibodies to GAPDH, EGFR, HDAC1, HDAC2, HDAC3, HDAC8, and proliferating cell nuclear antigen (PCNA) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Antibodies to neutrophil gelatinase-associated lipocalin (NGAL) were purchased from R&D Systems (Minneapolis, MN). Anti-␣-tubulin antibody, secondary antibodies, and all other chemicals were from Sigma (St. Louis, MO). A: tissue lysates from 2 normal kidneys were subjected to immunoblot analysis with specific antibodies against HDAC1, HDAC2, HDAC3, HDAC8, and ␣-tubulin. B: photomicrographs (ϫ200) illustrate immunofluorescent costaining of HDAC1, HDAC2, HDAC3, or HDAC8 with DAPI in normal kidney sections.
Animals and treatment. Male C57/black mice, each weighing 20 -25 g (Jackson Laboratory, Bar Harbor, ME), were housed under a 12:12-h light-dark cycle with food and water supplied ad libitum. To establish FA-induced AKI, the animals were injected intraperitoneally with FA at 250 mg/kg body wt. Sodium bicarbonate (0.3 M NaHCO 3, the vehicle used for FA administration) alone was used as controls. To establish RM-induced AKI, the animals were injected with 50% glycerol (GL; 10 ml/kg) intramuscularly to the two hind legs or injected with saline as a control. To examine the efficacy of class I HDACs on AKI, MS-275 (20 mg/kg) in 50 l of DMSO was given intraperitoneally immediately after FA injection or 2 h after GL injection and then administered daily.
Animals treated with an equal volume of DMSO were used as controls. At the end of the experiments, animals were killed and the kidneys were removed for protein analysis and histological examination. Six to eight mice were used in each group. Animal protocol was reviewed and approved by the Institutional Animal Care and Use Committee at Tongji University, China.
Measurement of renal function. Renal function was estimated by serum creatinine and blood urea nitrogen (BUN), measured using a colorimetric kit (Sigma Diagnostics) and enzymatic assay Kit (Sigma Diagnostics), respectively, according to the protocol provided by the manufacturer. Assessment of tubular injury. Tubular injury was scored on a scale from 0 to 3, where 0 ϭ normal, 1 ϭ injury Ͻ30%, 2 ϭ injury 30 -60%, 3 ϭ injury Ͼ60%. The TdT-mediated dUTP nick-end labeling (TUNEL) staining was performed according to the protocol provided by Roches Molecular System (Branchburg, NJ).
Immunoblot analysis. Immunoblot analysis for tissue samples was performed according to our previous protocols (22) . The densitometry analysis of immunoblot results was conducted with Image J software (National Institutes of Health, Bethesda, MD).
Immunofluorescent and immunohistochemical staining. Immunofluorescent staining was carried out according to the procedure described in our previous studies (22) . Renal tissues were fixed in 4.5% buffered formalin, dehydrated, and embedded in paraffin. For immunofluorescent staining, the tissue sections were rehydrated and labeled with antibodies, including primary antibodies Acetyla-H3 (1:100), Pax-2 (1:50), HDAC1 (1:100), HDAC2 (1:100), HDAC3 (1:50), HDAC8 (1:50), NGAL (1:250), PCNA (1:50), and then exposed to Texas red-labeled secondary antibodies (Invitrogen). Periodic acidSchiff staining was performed in the Department of Pathology at Rhode Island Hospital.
Statistical analysis. All data were presented as means Ϯ SE for each group. Comparisons between intergroups were made by using one-way ANOVA followed by Tukey's test. Statistical significant difference was considered at P Ͻ 0.05.
RESULTS

Expression and location of class I HDAC isoforms in the kidney.
Our recent studies showed that all the class I HDAC isoforms are expressed in cultured renal tubular cells (26) . To determine their expression and location in the kidney, we conducted immunoblot analysis and immunofluorescence staining. Figure 1A showed that HDAC1, HDAC2, HDAC3, and HDAC8 were abundantly expressed in the kidney. As expected, HDAC1 and HDAC2 were primarily in the nucleus as evidenced by their costaining with DAPI (a nuclear dye) in all tubular cells, and HDAC3 was also partially located in the nucleus (Fig. 1B) . However, HDAC8 was mainly expressed in the cytoplasm since it was not colocalized with DAPI (Fig.  1B) . These data illustrated the expression of all four members of class I HDAC and their distinct locations in renal tubule cells in vivo.
Inhibition of class I HDAC activity by MS-275 aggravates renal dysfunction and kidney damage in FA-or RM-induced AKI.
Recent studies have shown that class I HDAC activity is acquired for kidney development and proliferation of embryonic proximal tubular cells (3) . To demonstrate the role of class I HDACs in AKI, murine models of FA-or RM-induced AKI were used and a selective class I HDAC inhibitor, MS-275 (9), was given immediately after FA injection or 2 h after GL injection. As shown in Fig. 2 , at 48 h after FA or GL injection, serum creatinine and BUN were significantly increased and kidney damage (tubular dilatation, swelling, necrosis, luminal congestion) was clearly observed. MS-275 significantly increased the level of creatinine and BUN and potentiated the degree of renal tubular damage in mice subjected to FA or GL. Scoring of kidney sections showed more severe tubular damage in the injured kidney after MS-275 administration relative to the injured kidney without MS-275 treatment. In contrast, injection of MS-275 alone neither affected renal function nor caused pathological damage to the kidney. These data illustrate that endogenous class I HDAC activity is required for renal protection in these two models of AKI.
MS-275 increases acetyl-histone H3 expression in the kidney of FA-or RM-induced AKI.
Blocking HDACs induces acetylation of histone and nonhistone proteins, and global histone H3 hyperacetylation is frequently used to indicate the effectiveness of HDAC inhibitors. To demonstrate the inhibitory effect of MS-275 on class I HDAC activity in the kidney, we examined the expression of acetyl-histone H3 in the injured kidney with or without MS-275 administration. Immunofluorescence staining revealed very few number of acetyl-histone H3-positive cells in the sham-operated kidney and the kidney injured by injection of FA or GL alone. Treatment with MS-275 significantly increased this population of cells in the injured kidney (Fig. 3, A-B and E-F) . To confirm this observation, we also examined expression of acetyl-histone H3 by immunoblot analysis. As shown in Fig. 3 , C-D and G-H, the basal level of acetyl-histone H3 was detected in sham-operated kidneys, and injury to the kidney by injection of FA or GL resulted in a slight increase in its expression. MS-275 treatment induced a small enhancement of acetyl-histone H3 in the sham-operated kidney, which reached a level comparable to that in the injured kidney without MS-275 application. However, acetyl-histone H3 expression levels were markedly upregulated in the injured kidney administered by MS-275. Of note, acetyl-histone H3 is primarily located in renal tubular cells (Fig. 3, A and E) . These data suggest that normal kidneys maintain a high level of HDAC activity, which is slightly decreased by acute injury, and further repressed by MS-275.
Inhibition of class I HDACs activity by MS-275 potentiates tubular damage in FA-or RM-induced AKI.
To determine the role of class I HDACs in FA-and RM-induced AKI, we first examined NGAL expression by immunofluorescence staining. As expected, NGAL expression is limited to renal tubular cells. Whereas the NGAL signal was not observed in the shamoperated kidney with/without MS-275 treatment, it was clearly seen in some tubules in the kidney after FA or GL administration. Treatment with MS-275 potentiated this response (Fig.  4, A and C) . In agreement with this observation, NGAL was not detected in sham-operated kidneys by immunoblot analysis, but its expression was induced in the kidney after FA or GL administration and further enhanced by MS-275 (Fig. 4, B and   D) . These data further indicate that the class I HDACs activity is necessary for protecting the kidney from acute injury.
Inhibition of class I HDACs activity by MS-275 potentiates tubular cell apoptosis in FA-or RM-induced AKI. As apoptosis of tubular epithelial cells is a hallmark of AKI, we further examined the effect of MS-275 on apoptosis in the kidney by the TUNEL assay. TUNEL-positive cells were not observed in the sham-operated kidney with or without MS-275 treatment, but they were evident in the kidney after FA or GL injection. MS-275 administration significantly increased the number of apoptotic tubular cells in the injured kidney (Fig. 5, A-B and  E-F) . In addition, we examined expression of cleaved caspase-3 by immunoblot analysis as its activation is central to apoptosis. As shown in Fig. 5, C, D, and G, H , FA or GL injection induced expression of cleaved caspased-3 and its expression was also potentiated by MS-275. It should be noted that MS-275 did not induce cleavage of caspase-3 in the sham-operated kidney. Together, these data further suggest that class I HDAC activation contributes to renal protection in FAor RM-induced AKI.
Class I HDAC activity is required for renal tubular cell dedifferentiation in FA-or RM-induced AKI. Fate mapping studies indicated that renal repair after AKI occurs predominantly by proliferation of dedifferentiated intrinsic renal tubular cells (12) . To determine whether class I HDAC activation contributes to this process, we examined expression of Pax-2 and vimentin, two markers of renal epithelial cell dedifferentiation, in the kidney after injury with/without administration of MS-275. Immunofluorescence staining showed that Pax-2-positive cells were not seen in the shamed kidney treated with either vehicle or MS-275 (Fig. 6, A, B, and E, F) , but this population of cells was increased in the kidney after FA or GL injection. In contrast, inhibition of class I HDACs by MS-275 significantly reduced the number of cells. To confirm these results, we also examined the expression level of vimentin by immunoblot analysis (Fig. 6, C, D, and G, H) . Increased expression of vimentin in the injured kidney was observed in FA-or GL-injured kidney and MS-275 administration abolished its expression. Cells expressing Pax-2 and vimentin were not observed in the sham-operated kidney with or without treatment with MS-275.
Class I HDAC activity is required for renal tubular cell proliferation in FA-or RM-induced AKI. We proceed to assess the effect of class I HDAC inhibition on renal tubular cell proliferation using PCNA as a marker. As shown in Fig. 7, A, B, E, and F, very few PCNA-positive cells were seen in the sham-operated kidney, which corresponds to its turnover rate at 1/1,000 under physiological state. After FA or GL injection, the number of PCNA-positive cells was markedly increased, and MS-275 treatment blocked this response. Similar results were observed when PCNA expression was examined by immunoblot analysis (Fig. 7, C, D, and G, H) . These data, together with Fig. 6 , suggest that class I HDAC activity is critically involved in the regulation of renal tubular cell dedifferentiation and proliferation after AKI.
Class I HDACs activity is required for EGFR, Akt, and STAT3 phosphorylation in FA-or RM-induced AKI.
Studies have shown that the EGFR signaling plays an important role in the regulation of renal epithelial cell proliferation and dedifferentiation (15, 33) . Akt and STAT3 are two signaling molecules that act downstream of EGFR to mediate these biological processes (26, 33) . We tested whether class I HDACs would mediate renal regeneration through activation of EGFR signaling in the kidney after acute injury. As shown in Fig. 8 , FA or GL injection-induced AKI is accompanied by increased expression of phospho-EGFR (p-EGFR) and total EGFR. However, the upregulation of EGFR phosphorylation was not only due to the increased level of total EGFR because calculation of the ratio of p-EGFR to total EGFR was still increased in the injured kidney. MS-275 treatment blocked expression of both p-EGFR and total EGFR in the kidney injured; the basal level of total EGFR was not significantly different in the sham-operated kidney with or without administration of MS-275. Notably, the ratio of p-EGFR to total EGFR was still decreased in the injured kidney treated with MS-275, compared with injured kidneys without MS-275 treatment. These data indicate that downregulation of EGFR by MS-275 is not only due to its inhibitory effect on total EGFR but that class I HDACs activity is also critically involved in the regulation of EGFR activation.
We further examined the effect of class I HDAC inhibition on expression and phosphorylation of Akt and STAT3. After injection of FA increased expression of p-Akt, p-STAT3, total Akt, or STAT3 was observed in the injured kidney; administration of MS-275, however, blocked STAT3 phosphorylation and to a lesser extent, reduced Akt phosphorylation. The total expression levels of these two kinases remain constant in the kidney with/without treatment of MS-275 (Fig. 9, A-E) . In the parallel experiments, we also examined the effect of class I HDAC inhibition on the renal expression and phosphorylation of Akt and STAT 3 in the mice after injection of GL, and the similar results as seen in mice with FA administration were obtained (data not shown).
Taken together, these data demonstrate that class I HDAC activity contributes to activation of EGFR and of Akt and STAT3 signaling pathways.
DISCUSSION
The purpose of this study was to examine the role of class I HDAC in AKI. Our results showed that inhibition of class I HDACs by MS-275 resulted in worse renal dysfunction and increased tubular cell damage and apoptosis in a murine model of AKI induced by FA or RM. MS-275 was also effective in decreasing renal epithelial cell dedifferentiation and proliferation in the injured kidney. Furthermore, inactivation of class I HDACs inhibited FA-or RM-induced phosphorylation of EGFR and its downstream signaling molecules STAT3 and Akt. Thus, these results provide strong evidence that class I HDAC activity is required for renal epithelial tubular cell survival and regeneration in the kidney after acute injury. In line with our observations, recent studies have indicated that either employment of suberoylanilide hydroxyamic acid (SAHA), a class HDAC I/II inhibitor, or conditional deletion of some isoforms of class I HDACs such as HDAC1 and HDAC2 from hepatocytes also impairs liver regeneration (10, 31) , suggesting the importance of HDAC activity in promoting liver regeneration as well.
Previous studies showed that activation of HDACs either contributes to cell death or survival, depending on cell types and stimuli (3, 6, 24) . Our studies clearly indicated that activation of class I HDACs is protective against AKI because blocking class I HDACs with MS-275 induced expression of NGAL and increased apoptotic tubular cells in the kidney following FA or GL injection. Moreover, class I HDAC inhibition enhanced expression of active caspase-3, a key enzyme responsible for execution of apoptosis, in the injured kidney. Notably, treatment with MS-275 did not induce/enhance expression of NGAL, and apoptosis in the sham-operated kidney, suggesting that the inducible/enhancing effect of MS-275 on renal injury was not due to its possible toxic effect. In support of this statement, our recent in vitro studies also indicated that treatment of cultured renal epithelial cells with MS-275 for 48 h resulted in marked suppression of cell proliferation without induction of apoptosis (26) . The underlying mechanism by which class I HDACs mediate cell survival is not clear, but may be related to preservation and activation of some survival signaling pathways (i.e., STAT3 and PI3K/Akt). It is welldocumented that activation of STAT3 and PI3K/Akt signaling pathways is required for survival of renal epithelial cells (19, 23) . And our data showed that acute injury to the kidney induced phosphorylation (activation) of STAT3 and Akt, and MS-275 treatment suppressed this response.
Following acute injury, renal epithelial cells expand by self-duplication of surviving renal tubular cells in the repairing kidney (11) . To determine whether activation of class I HDACs is involved in renal tubular cell dedifferentiation and proliferation, we also examined the effect of MS-275 on the expression of Pax-2 and vimentin, two dedifferentiation markers, and that of PCNA, a maker of proliferation, in the kidney. Our results showed that injury to the kidney induced their expression in renal tubular cells and inhibition of class I HDACs by MS-275 suppressed expression of these markers. These data, together with our previous results obtained in in vitro studies that MS-275 was effective in inhibiting proliferation of cultured renal proximal tubular cells (RPTC) (26) , suggest that class I HDAC activity is required for renal tubular cell dedifferentiation and proliferation, two key regenerative responses in the process of renal recovery. These results are supported by recent observations that inhibition of HDACs with class I/II inhibitors SAHA or valproic acid, and genetic depletion of HDAC1 or/and HDAC2, also resulted in the impairment of liver regeneration after partial hepatectomy (10, 13, 31) .
Currently, the specific mechanism by which class I HDACs regulate renal tubular cell survival and regeneration is not fully understood. It has been reported that blockage of HDACs activity reduces the expression of EGFR in tumor cells (4) . Our recent studies also indicated that inhibition of class I HDACs with MS-275 reduced both phosphorylation and expression of EGFR in cultured RPTC (26) . In this study, we found that expression and phosphorylation of EGFR were upregulated in the injured kidney and inhibition of class I HDACs also markedly reduced its phosphorylation and expression. Since EGFR is critically involved in nephrogenesis and the renal regenerative process after AKI (25), we suggest that activation of EGFR may be part of signaling mechanism by which kidney tissue lysates were subjected to immunoblot analysis with specific antibodies against p-EGFR, EGFR, and GAPDH. B, E: expression levels of p-EGFR, EGFR, and GAPDH were calculated by densitometry and the ratio between p-EGFR and total EGFR was determined. C, F: total EGFR levels were normalized with GAPDH. Data are means Ϯ SE (n ϭ 6). Representative immunoblots are 2 samples from 6 animals in each group. Means with different symbols are significantly different from one another (P Ͻ 0.05).
HDACs regulate renal survival and regeneration. In addition, because EGFR is an upstream activator of STAT3 and Akt, and because in vitro and in vivo studies have demonstrated that STAT3 and Akt mediate regulation of renal epithelial cell cycle progression and cell proliferation as well as survival (2, 8, 23, 26, 33) , it is speculated that class I HDACs regulate renal regeneration through EGFR-mediated activation of these two signaling pathways. In support of this idea, we revealed that MS-275 treatment reduced phosphorylation of STAT3 and Akt in the kidney after acute injury. However, the EGFR/STAT3 or/and Akt pathway may not be the only one that mediates the biological actions of EGFR since HDAC inhibition can also attenuate activation of several other signaling pathways, including ␤-caternin, hedgehog, PAX2-Six2-GNDF-cRet, and p53 pathways in the developing kidneys (3).
In addition, class I HDACs may also mediate renal regeneration through epigenetic modification of key genes associated with this process. A recent study showed that expression of some key developmental renal regulators is dependent on intact HDAC activity (3). For example, HDAC inhibition is associated with histone hyperacetylation of Pax2, and knockdown of both HDAC1 and HDAC2 reduces PAX2 expression (3). Furthermore, long-term treatment of embryonic kidneys with MS-275 impairs ureteric bud branching morphogenesis program and induces growth arrest and apoptosis (3) . As renal regeneration after acute injury is generally considered to be a process similar to renal development (1), the requirement of HDAC activity for expression of renal developmental regulators in the embryonic kidney suggests that HDACs may also be involved in the regulation of genes that contribute to renal regeneration. Additional studies are required to identify the HDAC-regulated genes in the regenerating kidney after acute injury.
Although it was reported that conditional deletion of HDAC1 and HDAC2 from hepatocytes impairs liver regeneration (31), the role that individual HDACs play during renal regeneration in vivo remains unclear. Our in vitro studies have demonstrated that siRNA-mediated silencing of HDAC1, 3, or 8, but not 2, decreased cell proliferation and inhibited EGFR phosphorylation/expression in cultured renal epithelial cells (26) . However, since in vitro studies have shown that MS-275 preferentially inhibits HDAC1 and HDAC3 (9) and the specificity of this inhibitor on class II-IV HDACs has not been evaluated, we suggest that HDAC1 and HDAC3 may play a predominant role in renal regeneration after acute injury, but other HDACs may also be involved in this process. It will be Fig. 9 . Class I HDAC activity is required for activation of renal Akt and STAT3 after FA-induced AKI. Kidney tissues were collected at 48 h after FA injection, with or without MS-275 administration. A: kidney tissue lysates were subjected to immunoblot analysis with specific antibodies against pAkt, Akt, p-STAT3, STAT3, and GAPDH. B: expression levels of p-STAT3, STAT3, and ␣-tubulin were calculated by densitometry and the ratio between p-STAT3 and total STAT3 was determined. C: total STAT3 levels were normalized with GAPDH. D: ratio between p-Akt and total Akt was determined. E: total Akt levels were normalized with GAPDH. Data are means Ϯ SE (n ϭ 6). Representative immunoblots are 2 samples from 6 animals in each group. Means with different symbols are significantly different from one another (P Ͻ 0.05).
interesting to elucidate the role of individual members of class I HDACs in renal regeneration in the kidney using knockout and overexpression approaches.
In contrast to the necessity of the class I HDAC activity in promoting renal and liver regeneration after acute injury, there are also reports showing that HDAC inhibition accelerates renal recovery after injury in murine models of AKI induced by I/R or aristolochic acid (5, 20) . These effects were demonstrated by the same group using another HDAC inhibitor, methyl-4-(phenythio) butanoate (m4PTB), and mechanistically linked to acceleration of cell cycle progression and reduction of G2/M arrest of regenerating renal tubular epithelial cells and inhibition of fibrosis (5, 20) . Unlike MS-275, the capacity and profile of m4PTB-inactivated HDACs remain unclear. There are no available data showing whether this compound is specific to one or more than one class of HDACs. Given that there are four groups of HDACs that are composed of 18 members, and each isoform of HDACs has multiple functions, it is possible that the profile of m4PTB-mediated inhibition of HDACs is different from that offered by MS-275, and consequently results in different results. Another possibility is that m4PTB exerted its promoting effect on renal functional recovery after AKI through inhibition of renal fibrosis. In this respect, MS-275 and m4PTB may share a common effect (5, 15, 20) .
In summary, our studies demonstrated that class I HDAC activity is required for preservation of renoprotective effects and regulation of multiple regenerative processes after AKI. The effects of class I HDACs are associated with positive regulation of renal tubular cell survival, dedifferentiation, and proliferation through a mechanism involved in EGFR signaling. Given the specificity and redundancy of HDACs, additional studies using isotype-specific HDAC inhibitors or genetic approaches will help to further identify the role of individual HDACs in regulation of renal regeneration. Moreover, experiments are also required to examine the effect of various HDAC inhibitors on tubular survival and regenerative responses in animal models of AKI induced by diverse insults.
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